The rate and form of growth of Histoplasma capsulatum within histiocytes derived from homothermic and poikilothermic animals, and incubated at 25, 30, and 37 C, are described. The generation time of the fungus in mouse cells incubated at 37 and 25 C was 11 and 24 hr, respectively. Blastospore formation was progressively retarded in cells at 25 C, and this retardation was accompanied by germination of some of the blastospores. The generation time of the fungus in mouse cells incubated at 30 C was the same as it was at 37 C. Germ tube formation was not a prominent feature of intracellular growth at 30 C. The rate of growth of H. capsulatum within frog histiocytes at 30 and 25 C was slower than it was in mouse cells at the same temperatures. Some loss of frog histiocytes in cultures incubated at 37 C prevented accurate estimation of the rate of growth of the fungus at this temperature. Growth of H. capsulatum in frog histiocytes kept at 25 C was progressively retarded, and the retardation was accompanied by germination of the yeasts. Yeast-phase growth predominated in fish histiocytes incubated at 30 C, whereas germ tubes were formed within such cells incubated at 25 C. Cell survival of fish histiocytes was relatively poor in culture, and no estimates of rate of growth of the fungus within these cells were made.
Blastospores of Histoplasma capsulatum multiply in suitable media incubated at temperatures of 34 to 37 C (1, 2) . At temperatures below 34 C, the yeast cells generally germinate and thereby initiate a hyphal form of growth (11, 13) . Thus, temperature of incubation is predominantly important in determining whether the fungus grows as a budding yeast or as a filamentous mycelium (5, 12) .
Yeast cells of H. capsulatum multiply in the cytoplasm of mouse histiocytes maintained in vitro at 37 C (4) . Within such cells, the generation time of the fungus is approximately 11 hr, and this rate of multiplication is relatively constant under a variety of experimental conditions (6, 7) . In this paper, the effect of temperature on the intracellular rate and form of growth of H. capsulatum is described.
MATERIALS AND METHODS
Animals. The mice used were female Webster-Swiss albino mice obtained from the Animal Production Section of the National Institutes of Health. Frogs (Rana pipiens) were obtained from Brescia Frog Farm, Los Angeles, Calif. Common goldfish (Carassius auratus), 10 to 13 cm in length, were obtained from the Three Springs Fisheries, Lilypons, Md. Fungus. A single isolate of H. capsulatum (strain 505) employed in previous experiments (4, 6) was used throughout the studies. The yeast cell phase of the fungus was maintained on glucose-cystine-bloodagar. Bimonthly transfers were made of stock cultures stored in a refrigerator.
Balanced salt solutions. Hank's balanced salt solution (BSS) was employed for all work involving mouse histiocytes. Holtfreter's balanced salt solution was used with the frog and fish cells (3) .
Mouse histiocytes. Suspensions of cells were obtained from the peritoneal cavity of mice. A 0.5-ml volume of cells washed in BBS was pipetted into screw-cap tubes (16 by 125 mm) containing cover slips (5 by 43 mm) which had been coated and fixed to the side of the tubes with a few drops of Formvar (0.5% polyvinyl formol in ethylene dichloride). After the cells had settled onto the cover slips (1 hr), the suspending fluid was replaced with 1.5 ml of a medium consisting of 40% normal human serum in BSS. The caps of the tubes were replaced with rubber stoppers to prevent loss of carbon dioxide, and the cultures were incubated in a slanted position at 37 C. By 48 hr, the cultures consisted of monolayers of histiocytes free from cells of other morphological types (4, 6, 7 Cultures were prepared in a manner exactly like that employed for mouse and frog histiocytes, except that the medium consisted of 30% normal human serum in Holtfreter's solution. Exudates prepared in this manner contained large populations of mature histiocytes (see Fig. 3 ) and were accordingly inoculated immediately after preparation rather than waiting until after the preliminary incubation period employed with mouse and frog histiocytes.
Intracellular behavior of H. capsulatum. Methods for the parasitization of the histiocytes, for fixation and staining of the preparations, and for enumeration of fungi within histiocytes have been reported in detail in previous publications (6, 7).
RESULTS
Growth of H. capsulatum in mouse histiocytes incubated at 37 and 25 C. Infected cell cultures were divided into two sets; one set was incubated at 37 C and the other set at 25 C. Data from observation of these cultures are shown in Table 1 .
The generation time of the fungus in cells incubated at 37 and 25 C was 11 and 24 hr, respectively. The slower rate of growth by the fungus at 25 C permitted observation of the cultures for an additional 24-hr period ( Table 1) . The generation time of the fungus within cells incubated at 25 C was longer during the 24-to 48-hr period of incubation than it had been between zero-time and 24 hr. Thus, blastospore formation was progressively retarded within histiocytes incubated at 25 C. (Fig. 1) . After 48 hr, 36% of the infected cells contained germinated yeasts. In those histiocytes with more than one yeast cell, generally only one or two of the yeasts germinated (Fig. 1) . Observations were not continued beyond 48 hr, since by that time many of the histiocytes had ruptured and extracellular multiplication by the fungus was evident. The percentage of germinated yeast cells was smaller and each germ tube was shorter than is observed when the fungus is cultured on ordinary media at 25 C (1; Howard, unpublished data).
Thus, the intracellular yeast phase of growth of H. capsulatum was markedly retarded in histiocytes incubated at 25 C, and this retardation was accompanied by germination of some of the blastospores.
Growth of H. capsulatum in mouse histiocytes incubated at 37 and 30 C. The infected cell cultures were divided into two sets; one set was incubated at 37 C and the other set at 30 C. Data from observation of these cultures are presented in Table   2 .
The generation time of the fungus was nearly the same at 30 C as it was at 37 C (10.6 and 10.3 hr, respectively). After 24 hr of incubation at 30 C, a few germ tubes were observed. However, less than 5% of the infected histiocytes contained germinated yeast cells, and the germ tubes were very short. By 48 hr of incubation, the yeasts had overgrown many of the infected cells, and germ tube formation was no more obvious than it had been in 24-hr preparations. Thus, there was no retardation of yeast-phase growth within histiocytes incubated at 30 C, and germ tube formation was seen in less than 5% of the infected cells. Intracellular growth of H. capsulatum within histiocytes from poikilotherms. Histiocytes derived from frogs (Rana pipiens) and maintained in culture were inoculated with the fungus and studied in the manner outlined in the preceding sections of this paper. The results of these experiments are summarized in Table 3 and Figure 2 .
The generation time of H. capsulatum within frog histiocytes maintained at 37 C was 18 hr. However, there was some loss of histiocytes at this elevated temperature, and thus the estimate may be somewhat inaccurate. Histiocyte survival was not noticeably affected by incubation at 30 C. At this temperature, the intracellular generation . ., ,.,.,,,.,,,,.
,,.
;;....... yeasts in infected histiocytes maintained at 37 and 30 C (Table 3) . Germination was more commonly observed in cells incubated at 25 C (Table  3 and Fig. 2) .
From these observations, it is clear that the form of intracellular growth (yeast or hyphal) is primarily controlled by temperature, whereas the rate of intracellular growth is controlled by both temperature and the kind of histiocyte.
Experiments were also undertaken to study the behavior of H. capsulatum within fish histiocytes.
Although good yields of histiocytes could be obtained from oil-induced exudates (Fig. 3) (9, 14, 17) .
